Understanding the effects of vegetation on soil moisture is vital to the ecosystem restoration in water-restricted areas. For this study, the effects of introduced revegetation and natural revegetation on soil water (0-1.8 m) were investigated in the Chinese Loess Plateau, which was based on an in situ vegetation removal experiment and two years of soil moisture monitoring. The results indicated that under introduced revegetation, pasture grassland had lower soil moisture but higher temporal variations over the growing season. Compared with abandoned farmlands and native grasslands under natural revegetation, pasture grasslands revealed greater negative effects on deep soil moisture (1-1.8 m), which was difficult to recover following soil desiccation. In contrast, for abandoned farmlands and native grasslands, the surface soil moisture (0-0.4 m) was mainly impacted, which was easily replenished through rainfall events. These outcomes implied that natural revegetation, rather than introduced revegetation, should be the first choice in water-limited regions toward the rehabilitation of degraded ecosystems.
INTRODUCTION
The revegetation of degraded ecosystems supports various ecological benefits, such as carbon storage and the control of soil erosion, which has further benefits for humanity (Peters et al. ; Zhang et al. ) . However, the rapid expansion of revegetation potentially exacerbates conflicts between vegetation growth and high water demands due to anthropogenic water use; therefore, the practice has been criticized in terms of water resource security (Feng et al. ; Yu et al. ) . There remains widespread controversy over whether to continue the expansion of vegetation restoration (Su & Shangguan ) . Indeed, vegetation plays a key role in water balance, while its effects are strongly contingent on the species involved (Casalini et al. ) . This is because the interception of precipitation, root uptake and transpiration vary widely for different vegetative structures, and revegetation significantly modifies the composition of plant communities (Hu et al. ) . Hence, the characterization of the effects of various revegetation strategies (such as introduced and natural revegetation) on soil moisture is critical for water conservation in the soil of water-limited regions (Fu et al. ) .
Previous studies in the literature have quantified the effects of revegetation on soil-dwelling water in various areas, although their results have not always been consistent (Woziwoda & Kopeć ) . For instance, in the Loess Plateau, China, Yang et al. () noted that the concentrations of water in farmland soils were significantly higher than that of abandoned cropland and natural grassland, whereas Chen et al. () found that natural grassland had improved soil water conditions over farmland. The potential causes of these inconsistent results are manifold.
First, most studies assessed the effects of vegetation on soil moisture by setting nearby farmlands or grasslands as controls (Wang et al. ; Jia & Shao ) . Aside from plant community structures, topographic properties and climatic conditions are variable between target vegetation types and controls, which may lead to problems in distinguishing vegetation effects from those of topography and climate. In contrast, the in situ vegetation removal experiments can overcome this problem (Gross et al. ) . Nevertheless, such similar research is currently lacking due to the requirements of additional time and effort. Second, soil moisture obviously has temporal variability, particularly with precipitation (Su & Shangguan ) . Practical studies concerning the impacts of vegetation on soil water also exposed a similar process (Zucco et al. ). Insufficient measurements may limit the accurate assessment of the effects of vegetation.
Therefore, in order to clearly elucidate the temporal dynamics of the effects of vegetation on soil water throughout the growing season, the frequent long-term monitoring of soil moisture is required and critical. Given the above, a clear understanding of the effects of vegetation on soil moisture is key for the provision of reliable data in terms of ecosystem restoration and reconstruction in water-restricted regions.
In the Loess Plateau of China, large-scale revegetation projects such as 'Grain to green' were launched to alleviate the serious situation of the degradation of vegetation (Fu et al. ) . For these projects, both introduced and natural revegetation coexist. Introduced revegetation following farmland abandonment involves anthropogenically initiated succession, via the introduction of plants such as alfalfa (Medicago sativa), while natural revegetation is the spontaneous succession of vegetation following abandonment (Woziwoda & Kopeć ) . However, with the implementation of these projects, excessive revegetation consumed significant quantities of soil moisture, which led to soil desiccation in some areas (Wang et al. ) . The reasonable selection of revegetation techniques in water-limited areas is critical for sustainable restoration while ensuring water resource security (Yang et al. ; Zhang et al. ) .
Therefore, to promote the sustainable management of abandoned farmlands, while preventing ecological degradation, it is extremely urgent to quantify the effects of these revegetation methods on soil moisture.
Toward the achievement of this goal, introduced and naturally revegetated grasslands were selected in the Loess Plateau of China. Both in situ vegetation removal experiments and two years of monitoring (2016) (2017) were implemented to assess the impacts of two typical revegetation methods on soil moisture content. We considered which strategy was optimal for the management of vegetation toward the conservation of soil moisture. Hence, the aims of this research were to (1) detect the effects of vegetation on soil water content under two typical revegetation strategies, (2) identify the determinate factors that were responsible for these effects on soil moisture and (3) 
Data collection
In the study area, 15 grassland sites were selected to represent two typical revegetation methods: introduced revegetation and natural revegetation. The grassland with introduced vegetation (pasture grassland hereafter) was con- 
METHODS
The log response ratio (LNRR) was used to quantify the impacts of vegetation on soil water at the sites (Gross
where SMV/SMB represents the soil moisture content with/without vegetation. When the LNRR value was greater than 0, it indicated that vegetation could lead to a reduction in soil water, while when the LNRR value was less than 0, it referred to an increase in soil water.
The basic statistical analysis was performed using SPSS Statistics 17.0. Significant differences in SMV and SMB were evaluated by a paired sample t-test, whereas significant differences in biomass between the three selected vegetation types were determined via the least significant difference.
Plotting was generated through Origin 8.0. To reveal the correlation between soil water and its impact factors year than the drought year. In the abandoned farmland, a significant difference between the SMV and SMB was found at depths from 0 to 1.0 m (Figure 2(a) ). The significant differences in the natural grassland in 2016 and 2017 were concentrated from 0 to 0.6 m and 0 to 1.8 m, respectively (Figure 2(b) ). In contrast, the pasture grassland had a lower soil moisture value than the bare control plots at the measured soil depths (Figure 2(c) ), which indicated that the alfalfa consumed more water from the soil than the other vegetation types. In the pasture grassland, significant differences between the SMV and SMB were primarily distributed at depths from 0 to 1 m; however, sometimes they extended to 1.8 m. 
Temporal variations of soil water

Comparison of LNRR between the three vegetation types and determinant factors
The effects of vegetation on soil moisture content (LNRR)
were examined between the three vegetation types (Figure 4) .
The LNNR revealed an increasing trend with the soil profiles; however, the LNRR values were less than zero at all measured soil depths. This confirmed that the three selected vegetation types caused a reduction in soil moisture in contrast to the bare control plots. The results also revealed that the LNRR at depths from 0 to 0.4 m was not significantly different between the three vegetation types.
The abandoned farmland had a higher LNRR at depths from 0.4 to 1 m, while the pasture grassland had a lower LNRR below 1 m.
The SMV and 7 explained variables at the 15 sites were analyzed by CCA ( Figure 5 ). The results revealed that both underground and aboveground biomasses were the more critical drivers of the SMV differences between sites.
The biomass was positively correlated with the SMV at depths from 0 to 0.4 m, and negatively related to the SMV at depths from 0.4 to 1.8 m. Furthermore, significant differences in underground and aboveground biomass were found between the various vegetation types (Table 3) .
Due to high biomass and strong root systems, the negative impact of the pasture grassland on deep soil moisture was significantly higher than the other vegetation types, which is consistent with Figure 4 .
DISCUSSION
Temporal changes in soil moisture under two typical revegetation methods
Our study revealed that soil moisture was gradually stabilized with increasing soil depth (Figure 3 ), which aligned with the conclusion of Korres et al. () . Soil moisture at depths from 0 to 0.4 m exhibited greater temporal variations over the growing season in comparison with other layers.
The surface soil moisture was more sensitive to rainfall patterns, which also revealed significant temporal variability (Koster et al. ) . The surface soil water increased quickly via soil infiltration during rainfall events. As such, the temporal dynamics of the surface soil water were primarily driven by rainfall patterns. It is noted in this study that changes in soil moisture were not completely synchronous with rainfall (Figure 3(a) ). This might be explained by the observation that increased soil moisture tended to exhibit a time-lag response to rainfall events (Recha et al. ) . (Figure 3(c) ). The temporal dynamics of deep soil water were more susceptible to vegetation roots and community structures. Compared with native grasses, alfalfa had higher aboveground biomass and developed deep root systems (Table 3) , which could extend taproots to 3.0 m (Wang et al. ) . With insufficient precipitation infiltration, the alfalfa depleted deep soil moisture as well, However, the three grasslands showed negative effects on soil moisture during the two growing seasons, which implied that soil moisture consumption via plant uptake was greater than soil moisture conservation, by improving water infiltration and reducing soil evaporation.
Multiple comparisons of the LNRR between the three grasslands revealed that the negative effects on soil moisture differed between the two typical revegetation methods at depths from 1 to 1.8 m (Figure 4) . Specifically, no significant differences were found in the LNRR at depths from 0 to 1 m between the two typical revegetation methods, whereas the grassland under introduced revegetation (pasture grassland) had greater negative effects on deep soil moisture (1-1.8 m)
than those under natural revegetation (e.g. abandoned farmland and native grassland). Due to the relatively high biomass and deep root distribution (Table 3) , the pasture grassland consumed more deep soil water, thus resulting in lower LNRR. This was consistent with the CCA results that both underground and aboveground biomass appeared as the primary factors related to the effects of vegetation on soil moisture (Figure 4) . Further, we also noted that the LNRR decreased with the soil profile, indicating that the three grasslands mainly consumed shallow soil moisture.
One potential explanation was that root distribution influenced the vertical patterns of soil moisture (Monti & Zatta ) . For this study, the grassland root systems were primarily concentrated within 0.4 m ( In contrast, grasslands with natural revegetation exhibited primarily negative effects on the near-surface soil moisture, which could be easily replenished by rainfall events. Furthermore, the natural revegetation process was beneficial for other functions such as the control of soil erosion (Jia & Shao ) , species diversity reserves (Zhang ) and carbon sequestration (Lee et al. ) . In our study, species richness and SOM were also found to be higher under natural revegetation, particularly in the native grassland (Table 1) . Finally, the effects of vegetation on soil moisture revealed no significant difference between the early stage of natural succession (abandoned farmland) and late stage (native grassland). This indicated that soil moisture deficits could be alleviated following the abandonment of introduced vegetation. In summary, we highly recommend that natural revegetation, rather than introduced revegetation, is the first choice to prevent soil moisture desiccation and to rehabilitate degraded ecosystems in such semi-arid regions. 
CONCLUSIONS
